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Lab 4 : Synthesis Techniques Lab
Targeting the Spartan-3E Starter Kit
Synthesis Techniques Lab
Introduction

This lab explores the process of using synthesis options to obtain higher performance in a Xilinx FPGA design.

Objectives 

After completing this lab, you will be able to:

· Use the Keep Hierarchy and the fanout synthesis option to improve debugging and synthesis results
· Read the XST software synthesis report to determine the quality of synthesis results

Procedure 

You will modify XST synthesis options and analyze the results.   

This lab comprises four primary steps: You will review the design, synthesize with default options, change the synthesis options, and view the synthesis results in the RTL viewer. Following each general instruction for a given procedure, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the general instruction. If you feel confident about a specific instruction, feel free to skip the step-by-step directions and move on to the next general instruction in the procedure.

Note: If you are unable to complete the lab at this time, you can download the lab files for this module from the Xilinx University Program site at http://www.xilinx.com/univ
Review the Design and Create Software
Step 1

[image: image8.png]Launch the ISE™ Project Navigator and open the project file synth_lab.ise.

· To open the Xilinx ISE software, select Start ( Programs ( Xilinx ISE 8.1i ( Project Navigator
· Select File ( Open Project
· Verilog users: Browse to c:\xup\fpgaflow\labs\verilog\lab4

· VHDL users: Browse to c:\xup\fpgaflow\labs\vhdl\lab4

· Select synth_lab.ise and click Open
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Update the program.psm file created in lab3 to complete task #2 to display the message of “Xilinx Rules!” and assemble the program to generate the program ROM file.  Add the ROM file to the project.

· Open program.psm (located in Assembler directory) using a utility such as word pad and add the code to complete task #2, refering to the documentation for technical information on PicoBlaze and the Assembler.

Hint: All of the ASCII characters are included in the list of constants located in the top of the program.  Only two instructions (load and output) are required to display a single character.

· Open a command prompt and browse to the assembler directory, which contains the updated program.

· Enter the following command at the prompt to assemble the program and generate the ROM files

> kcpsm3 program

Note: The program.v (or .vhd) file has already been added to the project in ISE

Synthesize and Implement Using Default Options
   Step 2
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Synthesize the loopback.v/.vhd file.

· In the Sources in Project window, click loopback.v/.vhd
· In the Processes for Source window, double-click Synthesize - XST
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Review the Synthesis Report and answer Questions 1 and 2.

· In the Processes for Source window, expand the Synthesize process and double-click View Synthesis Report
· In the Find field above the text editor, type Timing Summary and press <Enter>  
1. [image: image12.png]


Make a note here of the estimated clock frequency for later comparison.

________________________________________________________________

________________________________________________________________

________________________________________________________________

· Enter Device Utilization in the Find What field and click Find Next

2. [image: image13.png]


Enter the number of resources in the table below

	Slices
	

	Slice Flip Flops
	

	4 input LUTs
	

	IOBs
	

	BRAMs
	

	Global Clocks
	

	DCMs
	


· Close the report

· Expand Implement Design and double-click on Place  & Route
·  Expand Place & Route and double-click on View/Edit Placed Design (Floorplanner)

· Review the Design Hierarchy and floor placement, and notice that the design is flattened.


[image: image1]
Figure 4-1. Floorplanner Design Hierarchy View


[image: image2]
Figure 4-2. FloorPlan View of Flattened Design

· Exit the Floorplanner

Change the Synthesis Options
Step 3
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In general, an HDL design is a collection of hierarchical blocks, and preserving the hierarchy gives the advantage of fast processing because the optimization is done on separate pieces of reduced complexity. Nevertheless, very often, merging the hierarchy blocks improves the fitting results (fewer PTerms and device macrocells, better frequency) because the optimization processes (collapsing, factorization) are applied globally on the entire logic. 

By default, the design is synthesized to a flattened netlist.  You will change a synthesis option to generate an hierarchical netlist and observe the effects of area and timing.

Change the synthesis properties, as shown below, and resynthesize.

· Keep Hierarchy: Yes

[image: image3]
Figure 4-3. Synthesis Properties

· In the Processes for Source window, right-click Synthesize and select Properties
· Under Synthesis Options , set Keep Hierarchy to Yes as shown in Figure 4-1
Note: If hierarchy is maintained during Synthesis, the Implementation tools will use this constraint to preserve the hierarchy throughout the implementation process and allow a simulation netlist to be created with the desired hierarchy. This option is related to the hierarchical blocks (VHDL entities, Verilog modules) specified in the HDL design and does not concern the macros inferred by the HDL synthesizer. 

· Click <OK> and re-synthesize the design

· Open the Synthesis report and enter Timing Summary in the Find field above the text editor,  

        and press <Enter>  
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Make a note here of the estimated clock frequency for later comparison.

________________________________________________________________

________________________________________________________________

________________________________________________________________

· Enter Device Utilization in the Find What field and click Find Next

4. [image: image16.png]


Enter the number of resources in the table below

	Slices
	

	Slice Flip Flops
	

	4 input LUTs
	

	IOBs
	

	BRAMs
	

	Global Clocks
	

	DCMs
	


· Enter Fanout in the Find What field and click Find Next

5. [image: image17.png]


Which net has the maximum fanout and to which data path does it belong?

________________________________________________________________
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Fanouts can cause routability problems, therefore XST tries to limit fanout by duplicating gates or by inserting buffers. This limit is not a technology limit but a   guide to XST. It may happen that this limit is not exactly respected, especially when this limit is small (below 30). 

In most cases, duplicating the gate driving nets with large fanout performs fanout 

control. If the duplication cannot be performed, then buffers will be inserted. 

These buffers will be protected against logic trimming at the implementation level 

by defining a KEEP attribute in the NGC file.  

In this section, you will reduce the maximum fanout.

· Right-click on Synthesize – XST and select Properties

· In the Xilinx Specific Options tab, enter the value of 50 for Max Fanout.  Click <OK>


[image: image4]
Figure 4-4. Xilinx Specific Options

· Double-click on Synthesize – XST to resynthesize the design.

· Open the synthesis report and perform a search for fanout
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Which net has the maximum fanout and to which data path does it belong?

________________________________________________________________

· In the synthesis report, perform a search for timing summary
7. What is the maximum clock frequency?

________________________________________________________________

· Expand Implement Design and double-click on Place & Route 

· Open the floor planner and review the design hieararchy


[image: image5]
Figure 4-5. Floorplanner Design Hierarchy View


[image: image6]
Figure 4-6. Floorplan view of hierarchical Design

Download and Test System
Step 5
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In this step, you will generate the bitstream and configure the FPGA via the JTAG 

Download cable.  

· Configure the configuration mode jumpers enable configuration via the JTAG download cable.

· Connect up the download cable and power up the Digilent Spartan-3E board.

· Open up windows explorer and double-click on terminal.ht in the project directory to open a hyperterminal session.

· Expand Generate Programming file and double-click on Configure Device (iMPACT)  

· When the Configure Devices dialog box appears, verify that Boundary-Scan Mode is selected, click <Next> and then <Finish>

· Click <OK> when a box appears indicating that impact has detected two devices in the chain

· Assign loopback.bit to the xc3s500e (first device in the JTAG chain) and bypass the platform flash PROM and CPLD

[image: image7]
Figure 4-8. Assigning the configuration file

· Right-click on the xc3s500e device and select Program.

Note: You should see the message Xilinx Rules! In the hyperterminal window

· Flip the switches on the Digilent board and watch the LEDs light up

Conclusion 

When trying to improve the performance of your design, start by identifying the bottlenecks after synthesis and cross-analyzing to the corresponding code. Be certain that the code is written to achieve high performance. The next step is to try synthesis options. Different options can help you achieve higher performance, but the performance will be dependent on the design. Understanding which options are available and experimenting with them is the only way to discover which options will provide the best results.
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Answers 

1. Make a note here of the estimated clock frequency for later comparison.

Minimum period (verilog): 11 ns (Maximum Frequency: ~89 MHz)   
       Minimum period (VHDL): ~9 ns (Maximum Frequency: ~103 MHz)
Note that results may vary depending upon PC system
2. Enter the number of estimated resources in the table below

	Slices
	164 (Verilog)/ 161 (VHDL)

	Slice Flip Flops
	148 (Verilog)/ 147 (VHDL)

	4 input LUTs
	303 (Verilog)/ 298 (VHDL)

	IOBs
	21 (Verilog and VHDL)

	BRAMs
	1 (Verilog and VHDL)

	Global Clocks
	2 (Verilog and VHDL)

	DCMs
	1 (Verilog and VHDL)


3. Make a note here of the estimated clock frequency. Did the performance improve/get worse?  Why?

Minimum period (Verilog): ~12 ns (Maximum Frequency: ~83 MHz)
Minimum period (VHDL): ~10.5 ns (Maximum Frequency: ~95 MHz)
Note that results may vary depending upon PC system
4. Enter the number of estimated resources in the table below

	Slices
	167 (Verilog)/ 163 (VHDL)

	Slice Flip Flops
	148 (Verilog)/ 147 (VHDL)

	4 input LUTs
	303 (Verilog)/ 298 (VHDL)

	IOBs
	21 (Verilog and VHDL)

	BRAMs
	1 (Verilog and VHDL)

	Global Clocks
	2 (Verilog and VHDL)

	DCMs
	1 (Verilog and VHDL)


5. Which net has the maximum fanout and to which data path does it belong?

Verilog

      LUT3:I2->O (operand_select_mux_1 (port_id<1>)) with fanout of 84 

              Data path: my_kcpsm3/reg_loop_register_bit_1 to transmit/buf_0/register_bit_3

VHDL


LUT3:I2->O (reg_loop[0].operand_select_mux (port_id<0>)) with fanout of 84 

Data Path: my_kcpsm3/reg_loop[0].register_bit to transmit/buf/count_width_loop[3].register_bit
6. Which net has the maximum fanout and to which data path does it belong?

Verilog

LUT3:I2->O (operand_select_mux_1 (port_id<1>)) with fanout of 43 

Data Path: my_kcpsm3/reg_loop_register_bit_1 to transmit/buf_0/register_bit_3

VHDL

       LUT3:I2->O (reg_loop[0].operand_select_mux_1 (reg_loop[0].operand_select_mux_1) with fanout 43 

Data Path: my_kcpsm3/reg_loop[0].register_bit to transmit/buf/count_width_loop[3].register_bit
7. What is the maximum clock frequency?

Minimum period (Verilog): ~14.ns (Maximum Frequency: ~69 MHz)
       Minimum period (VHDL):  ~12.9 ns (Maximum Frequency: ~77.3 MHz)
 Note that results may vary depending upon PC system
?
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